Introduction
============

Stevens--Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are rare dermatologic emergencies with excessive morbidity and mortality risk. The incidence rate is 0.5--1.4 per million per year, and the average mortality rate is estimated to be 25%--35%.[@b1-jir-11-135] SJS and TEN are severe mucocutaneous adverse reactions, most commonly triggered by medications, including antibiotics, anticonvulsants, and nonsteroidal anti-inflammatory drugs.[@b2-jir-11-135] SJS and TEN are considered a disease continuum and involve skin detachment of \<10% and \>30% of body surface area, respectively.[@b3-jir-11-135] SJS/TEN overlap describes patients with skin detachment of 10%--30% of body surface area. Patients are often critically ill and are presented with fever (prodromal) and widespread necrosis and detachment of the epidermis.[@b4-jir-11-135] Atypical targetoid macules appear on the skin, which eventually blister and slough off as areas of (full thickness) epidermal necrosis.

Beyond supportive care, there are no established systemic therapies for SJS and TEN. Supportive care is the cornerstone of treatment. Systemic treatment of SJS/TEN remains a matter of debate and contention.[@b5-jir-11-135] Several well-characterized human leukocyte antigen (HLA) associations, for example, HLA-B\*1502,[@b6-jir-11-135] strongly predispose patients to specific delayed-type drug hypersensitivity reactions, including SJS/TEN. Most of the known HLA associations are class I, lending further support for the postulated role of CD8+ T cells in the pathogenesis of SJS/TEN.[@b7-jir-11-135] Adjunctive therapies include systemic corticosteroids, intravenous immune globulin (IVIg), cyclosporine (CsA), plasmapheresis, and anti-TNF monoclonal antibodies.[@b8-jir-11-135] All of these carry limitations, potential adverse effects, and risks.

There have been some case reports of the positive efficacy of CsA (in doses of 3--5 mg/kg/d) to retard the progression of SJS/TEN and promote rapid re-epithelization.[@b9-jir-11-135]--[@b11-jir-11-135] Although this is the most widely used dose, there is no consensus on its role in SJS/TEN or the appropriate duration of therapy.[@b12-jir-11-135]

CsA is a cyclic peptide of 11 amino acids isolated from the soil fungus *Tolypocladium inflatum* Gams. It is hydrophobic and lipophilic and shows high interindividual and intraindividual variation in terms of pharmacokinetics.[@b13-jir-11-135] CsA may have an ameliorative effect in SJS/TEN patients by opposing the apoptotic pathway in nonlesional skin.[@b12-jir-11-135] Given its immunomodulatory actions, CsA could be a potential treatment option for SJS/TEN patients. A recent meta-analysis on systemic immunomodulating therapies for SJS and TEN analyzed only one trial pertaining to the use of CsA.[@b14-jir-11-135] Therefore, this meta-analytic review aims to clarify better the role of CsA in SJS/TEN treatment and generate directions for future research.

Methods
=======

Literature search was done in accordance with preferred reporting items for systematic reviews and meta-analysis guidelines. Using the keywords \[cyclosporine OR cyclosporine OR ciclosporin OR CsA\] AND \[Steven--Johnson OR SJS OR toxic epidermal OR epidermal necrolysis OR TEN OR hypersensitivity OR dermatologic OR burns\], a preliminary search on the PubMed, Ovid, Web of Science, and Google Scholar Database yielded 615 papers published in English between January1, 1960 and July 1, 2017. Grey literature was not searched. Title/abstract screening was performed independently by (QX Ng and MLZQ De Deyn) to identify articles of interest. For relevant abstracts, full articles were obtained, reviewed, and also checked for references of interest. The authors of the articles were not contacted to provide additional data.

Full articles were obtained for all selected abstracts and reviewed by three researchers (QX Ng, MLZQ De Deyn, and N Venkatanarayanan) for inclusion. Any disagreement was resolved by discussion and consensus among the three researchers. The inclusion criteria for this review were: 1) published retrospective or prospective study (excluding single case reports); 2) patients with clinical diagnosis of SJS or TEN; 3) trial of CsA treatment; and 4) available survival/mortality data. Data such as study design, study population, and demographics, SCORe of toxic epidermal necrosis (SCORTEN), a severity-of-illness score for toxic epidermal necrolysis, and outcome measure were extracted. The primary outcome measure of interest was the mortality benefit with CsA treatment. Standardized mortality ratio (SMR) of observed to the predicted number of deaths was calculated for each study. SCORTEN is a well-validated tool for predicting mortality in SJS/TEN patients.[@b15-jir-11-135],[@b16-jir-11-135] Because the normal distribution can take all real numbers (is continuous), but the binomial distribution can only take integer values (is discrete), for studies with no observed deaths, a continuity correction factor of 1 was added to both the observed and expected deaths for purposes of calculating SMR. SMRs were pooled, and where appropriate, 95% CI and *P*-values were calculated.

Heterogeneity among the different studies pooled was examined using the I^2^ statistic and Cochran's *Q* test. Publication bias was assessed using a funnel plot and Egger test. All analyses were done using MedCalc statistical software version 14.8.1 (MedCalc Software BVBA, Ostend, Belgium; <http://www.medcalc.org>; 2014) and STATA version 13.0 (STATA Corp., College Station, TX, USA).

Results
=======

The abstraction process (and reasons for exclusion) was detailed in [Figure 1](#f1-jir-11-135){ref-type="fig"}. The key details of each study were extracted and summarized in [Table 1](#t1-jir-11-135){ref-type="table"}. Of the 12 studies reviewed, two were excluded from the final meta-analysis as they did not report SCORTEN/predicted mortality data, and one was excluded on the basis of possible data irregularities, which may unduly affect the reliability of the meta-analysis.

With regard to the possibility of publication bias, visual inspection of the funnel plot revealed a slight asymmetrical distribution of studies ([Figure 2](#f2-jir-11-135){ref-type="fig"}) and Egger test was significant for publication bias (*P*=0.0467).

The meta-analysis found that CsA use was associated with improved mortality in SJS/TEN patients as the pooled SMR was 0.320 (95% CI: 0.119--0.522; *P*=0.002). The forest plot is shown in [Figure 3](#f3-jir-11-135){ref-type="fig"}. Fixed- and random-effects analyses yielded similar results.

Discussion
==========

Almost all of the studies reviewed, support the mortality benefits of CsA therapy for SJS/TEN patients. The pooled SMR was 0.320 (95% CI: 0.119--0.522; *P*=0.002), indicating the mortality benefit of CsA in SJS/TEN treatment. In our meta-analysis, only one study[@b23-jir-11-135] found slightly increased mortality risk with CsA treatment (SMR 1.538, 95% CI: 1.30--5.08). In this study, the sample that received CsA was limited to three patients. One patient survived and there was an initial favorable effect with evidence of re-epithelialization of the skin in one of the patients who died. It is worth mentioning that the patient had a background medical history of alcoholic hepatitis and encephalopathy. SCORTEN predicted mortality rate was 1.3 deaths, whereas the actual mortality rate after 3--5 days of IV CsA 2.5--4 mg/kg/d was two deaths.

Our findings were concordant with the results of an earlier meta-analysis,[@b14-jir-11-135] which reported mortality benefit for CsA when compared to supportive care (OR: 0.1, 95% CI: 0.0--0.4). However, the OR was based on a single trial of CsA[@b25-jir-11-135] and calculated using an exact logistic regression model. Our meta-analysis thus significantly strengthens the evidence supporting the use of CsA in SJS/TEN patients.

Current understanding of the pathophysiology and mechanisms underlying SJS/TEN remains incomplete, due to the rarity of the condition and lack of a reliable animal model for investigation.[@b26-jir-11-135] It is presumed that apoptosis is the key mechanism underlying keratinocyte death in SJS/TEN. Cytotoxic T cells are activated by a culprit drug, which releases granulysin.[@b27-jir-11-135]

The best rationale for using CsA in SJS/TEN is that cytotoxic T cells destroying epithelial cells are drug-specific and HLA class I restricted, like effector cells in acute graft rejection or acute graft-versus-host disease.[@b7-jir-11-135] Fas ligand is unlikely a pathogenic mechanism. If it were, IVIg would be useful and would be considered instead of CsA. It is predominantly T/NK with granulysin.[@b27-jir-11-135]

The observed clinical benefits of CsA for SJS/TEN patients could stem from its mechanism of action. It is an immunosuppressive agent targeting the calcineurin complex. The activation of the calcineurin complex, following T-cell receptor activation, results in dephosphorylation of the nuclear factor of activated T cells (NFAT), leading to its migration into the nucleus and binding with its intranuclear counterpart. The resultant complex is a transcription factor for inflammatory cytokines such as interleukin (IL-2). CsA binds to cyclophilin thereby, preventing the dephosphorylation of NFAT and subsequent downregulation of IL-2.[@b28-jir-11-135] This leads to a consequent decrease in the number of CD4+ and CD8+ (cytotoxic) T cells in the epidermis, which are key mediators involved in the pathogenesis of SJS/TEN.[@b29-jir-11-135] CsA has also been shown to inhibit TNF-α production.[@b29-jir-11-135] TNF-α is another key cytokine involved in the amplification of apoptotic pathways implicated in SJS/TEN.

CsA, however, is not without its own inherent set of drawbacks. Contraindications to its use include patients with severe renal disease, severe infections, or internal malignancy.[@b30-jir-11-135] While common adverse effects of CsA are nausea, hypertension, nonmelanoma skin cancer, renal dysfunction, hyperlipidemia, headache, and tremors.[@b31-jir-11-135] However, it was extremely encouraging that cyclosporine was generally well tolerated in most of the trials and case series, even though these patients were often critically ill.[@b9-jir-11-135],[@b11-jir-11-135],[@b12-jir-11-135]

The limitations of the current meta-analysis should also be discussed. First, the funnel plot and Egger test (*P*=0.0467) showed some likelihood of publication bias. Future meta-analysis should include non-English studies and grey literature as some trials may have been missed in the search process. There is also a risk of bias inherent to the reanalyses of the same case series examined in earlier meta-analyses.[@b14-jir-11-135],[@b20-jir-11-135] Second, there was a paucity of studies examining the use of cyclosporine in SJS/TEN patients, and no randomized controlled trials on the subject exists. This is perhaps not unexpected given the rarity and life-threatening nature of the SJS/TEN. Practically, the possibility of conducting a rigorous double-blind, placebo-controlled trial to study the use of CsA in SJS/TEN patients is remote. Larger case series may be the feasible step forward to help support or refute current evidence. This could be achieved through collaborative effort by tertiary hospitals in keeping a registry of SJS/TEN cases treated with CsA, meticulously documenting the clinical course (including adverse effects) of these patients. Last but not least, another important area for future research concerns the use of cyclosporine in special patient populations, for example, those with HIV/AIDS, preexisting renal or liver disease, and the elderly (especially those with polypharmacy). The use of CsA in patients with HIV infections is still debated and limited data exist.[@b32-jir-11-135]

Conclusion
==========

CsA use was associated with improved mortality in SJS/TEN patients, with a pooled SMR of 0.320 (95% CI: 0.119--0.522, *P*=0.002) based on nine studies and a total of 256 SJS/TEN patients. Case series, retrospective studies, and an open, Phase II trial have documented its efficacy, safety, and beneficial effects in SJS/TEN patients. A rigorous double-blind, randomized trial would be necessary to confirm its efficacy. However, this may be challenging to achieve given the rarity and life-threatening nature of SJS/TEN. International effort in collating larger case series may be the feasible step forward to help support or refute current evidence.
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###### 

Characteristics of all studies included in this review

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                            Study design                          Study sample (*N*)                              Country     Total BSA and SCORTEN                            Treatment regimen (n)                                                                                                                                                                                                                                                             Conclusion                                                                                                                                                                                                              
  ------------------------------------------------ ------------------------------------- ----------------------------------------------- ----------- ------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --
  Arévalo et al, 2000[@b17-jir-11-135]             Retrospective case series             17                                              Spain       Mean total BSA 83±17%; SCORTEN not specified     • CsA 3 mg/kg/d enterally every 12 hours, for 2 weeks and then tapered gradually (11)\                                                                                                                                                                                            CsA is safe and is associated with rapid re-epithelization and a lower rate of multi-organ failure, severe leukopenia, and death than treatment with cyclophosphamide and corticosteroids in patients with severe TEN   
                                                                                                                                                                                                      • Cyclophosphamide (150 mg IV every 12 hours) and different doses of corticosteroids (≥1 mg/kg/d of 6-methyl-prednisolone) (6)                                                                                                                                                                                                                                                                                                                                                                            

  Firoz et al, 2012[@b18-jir-11-135]               Prospective                           82[\*](#tfn1-jir-11-135){ref-type="table-fn"}   USA         Mean total BSA 34.8±26.1%; mean\                 • CsA (regimen not specified) only used in patients with low BSA and SCORTEN of 0--1 (8)\                                                                                                                                                                                         No significant difference in survival among all three treatment options (*P*=0.15, log-rank test). IVIg did not significantly alter mortality                                                                           
                                                                                                                                                     SCORTEN 2.17                                     • IVIg 4 g/kg divided over 3 days if patients presented within 72 hours of blistering (23)\                                                                                                                                                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                      • Supportive care for patients who presented ≥3 days of blistering (51)                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Giudice et al, 2017[@b19-jir-11-135]             Retrospective case series             12                                              Italy       Mean total BSA 76.7±12.3%;mean\                  Standardized treatment protocol: CsA IV 250 mg/d or 4 mg/kg/d in pediatric patients on day one, at day three, daptomycin and plasmapheresis were introduced. CsA continued for 15 days, daptomycin for 10 days, plasmapheresis consisted of 7 cycles spaced by 2 days each (12)   Standardized treatment protocol consisting of CsA and plasmapheresis is safe and efficacious in patients with severe TEN                                                                                                
                                                                                                                                                     SCORTEN 4.3                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  González-Herrada et al, 2017[@b20-jir-11-135]    Retrospective and prospective cases   42                                              Spain       Mean total BSA 43.5±26.9%; mean\                 • CsA 3 mg/kg/d until complete re-epithelialization and then gradual taper (26)\                                                                                                                                                                                                  CsA offers mortality benefit for SJS/TEN patients                                                                                                                                                                       
                                                                                                                                                     SCORTEN 2.39                                     • IVIg 0.75 g/kg/d for 4 days (11)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                      • Prednisone-equivalent 37.5--100 mg/d for 9--12 days (2)\                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                      • Supportive care (3)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Kirchhof et al, 2014[@b10-jir-11-135]            Retrospective case series             64                                              Canada      Mean total BSA 28.7±26.6%; mean\                 • Supportive care (12)\                                                                                                                                                                                                                                                           Relative mortality benefit of CsA (SMR 0.42) over IVIg (SMR 1.43) in patients with SJS/TEN                                                                                                                              
                                                                                                                                                     SCORTEN 1.65                                     • IVIg 1 g/kg/d for 3 days (35)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                      • CsA 3--5 mg/kg/d orally or IV for an average of 7 days (15)\                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                      • IVIg and CsA (2)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Lee et al, 2017[@b21-jir-11-135]                 Retrospective case series             44                                              Singapore   Mean total BSA 29±25%; mean\                     • CsA 3 mg/kg/d for 10 days, then 2 mg/kg/d for 10 days, and finally 1 mg/kg/d for 10 days (24)\                                                                                                                                                                                  Relative mortality benefit of CsA (SMR 0.42) over supportive care (SMR 1.02)                                                                                                                                            
                                                                                                                                                     SCORTEN 2.5                                      • Supportive care (20)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Mohanty et al, 2017[@b22-jir-11-135]             Retrospective case series             28                                              India       Mean total BSA 35.95±20.33%; mean SCORTEN 2.05   • CsA 5 mg/kg/d in three divided doses for 10 days, along with supportivecare (19)\                                                                                                                                                                                               SMR of CsA group (0.32) nearly 3.3 times lower than the only supportive treatment group (1.06)                                                                                                                          
                                                                                                                                                                                                      • Supportive care (9)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Rajaratnam et al, 2010[@b23-jir-11-135]          Retrospective case series             21                                              UK          Mean total BSA 44%; mean\                        • CsA IV 2.5--4 mg/kg/d for 3--5 days (3)\                                                                                                                                                                                                                                        Corticosteroids did not appear beneficial compared to IVIg or CsA                                                                                                                                                       
                                                                                                                                                     SCORTEN 3.1                                      • IVIg 0.4--1.0 g/kg/d for 3--7 days (14)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                      • Cyclophosphamide IV 2.5 mg/kg/for 3 days (2)                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  Reese et al, 2011[@b9-jir-11-135]                Retrospective case series             4                                               USA         Mean total BSA 35.8%; mean\                      • CsA 5 mg/kg/d in two divided doses for 5 days to a month (4)                                                                                                                                                                                                                    CsA is efficacious with rapid response and re-epithelization. Short-term use of CsA did not have adverse reactions or increased infections                                                                              
                                                                                                                                                     SCORTEN 1.25                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Singh et al, 2013[@b11-jir-11-135]               Retrospective case series             11                                              India       Mean total BSA 23.4±16.3%; mean\                 • CsA 3 mg/kg/d in three divided doses for 7 days, then 2 mg/kg/d in two divided doses for another 7 days (11)                                                                                                                                                                    Faster re-epithelization, shorter hospital stay and relative mortality benefit of CsA over corticosteroids. CsA was also well tolerated by all the patients                                                             
                                                                                                                                                     SCORTEN 1.45                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Szepietowski et al, 1997[@b24-jir-11-135]        Retrospective case series             3                                               Poland      Not specified                                    • CsA 8--10 mg/kg/d for 10--21 days and corticosteroids (3)                                                                                                                                                                                                                       Combined and monotherapy with CsA appear superior to monotherapy with corticosteroids. CsA is beneficial for TEN patients                                                                                               

  Valeyrie-Allanore et al, 2010[@b25-jir-11-135]   Open, Phase II trial                  29                                              France      Mean total BSA 12.2±8.2%; mean\                  • CsA orally through NG tube, 1.5 mg/kg twice daily for 10 days, then 1 mg/kg twice daily for 10 days, and finally 0.5 mg/kg twice daily for 10 days (29)                                                                                                                         CsA was well tolerated; 26 out of 29 patients completed the 1-month treatment. Lower than expected mortality and disease progression observed                                                                           
                                                                                                                                                     SCORTEN 1.27                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Expression of concern by journal editor and staff over possible data irregularities.

**Abbreviations:** BSA, body surface area; CsA, cyclosporine; IV, intravenous; IVIg, intravenous immunoglobulin; NG, nasogastric; SCORTEN, SCORe of toxic epidermal necrosis; SJS, Stevens--Johnson syndrome; SMR, standardized mortality ratio; TEN, toxic epidermal necrolysis.
